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NATIONAT, ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

TIME HISTORIES OF MANEUVERS PERFORMED WITH AN
F-86A AIRPLANE DURING SQUADRON OPERATIONS

By Harcld A. Hamer and Campbell Henderson
SUMMARY

Some preliminary results of maneuvers performed during U. S. Alr
Force squadron operstions with an F-86A jet-fighter airplane are presented
in time-history form. The maneuvers cover a speed range from the stall
to 530-mile-per-hour indicated airspeed and pressure altitudes varying
from sea level to epproximately 25,000 feet. Variation of the maximum
airplene linear and angular atcelerations experienced during the inves-
tigation are also presented.

INTRODUCTION

The use of rational methods for determining the design loads on
tail surfaces requires, among other things, a knowledge of the control
motion. AL present, the control motions and consequent airplane motions
used in these rational methods are purposely specifled so as to produce
maximum loads. Although the motions used are adjusted to be within the
pllot'!s strength and the control range, questions have arisen as to
whether such severe motions are necessary because their use results in
an increasse in structural weight.

Since very little is known concerning the rates, the smounts, and
combinations of control motions used by pilots in carrying out regular
missions, a program has been started to obtain such information. For
the present, the program is almed at obtaining sample measurements on
several fighter airplanes. For each airplane used in the program it is
planned to record 200 to 250 maneuvers during routine squadron operations.
These maneuvers are to be divided among four or five pilots in order to
obtain some cross section of pilot effect. The U. S. Ailr Force -and
Bureau of Aeronautics are cooperating with the NACA in this progrem; the
Services furnish the airplanes and pilotis while the NACA instells and
maintaeins the instruments as well as evaluates the records obtained.



2 : S NACA RM L51K30

The present paper includes measurements obtained during October and
November 1950 on an F-86A alrplene sttached to the 335th Fighter Squadron
vhile stationed at Andrews Field, Md. The maneuvers were.recorded during
regularly scheduled squadron missions. Unfortunately, these tests were
interrupted when less than half way completed due to damage sustained
by the airplane in landing, so that the ssmpling was not so extensive as
was desired, The data obtained thus far are made available, with only
a minor analysis, while the tests continue with another F-86A.

e

ATRPLANE

The alrplane used in these tests was a standard Air Force F-86A.
The F-86A is a single-place, swept low-wing fighter and is powered by a
single Genersl Electric J-47 serles axlal-flow turbojet engine. The
airplane has sutomatic full-span leading-edge slats, partial-span slotted R
flaps, and fuselage speed brakes. The longitudinal control system includes
an adjustaeble stabilizer (used for control at high Mach numbers as well
as for control force trim) and a hydraulically boosted elevator.
During the tests neither the external appesrance nor the weight and
balance of the airplane was altered by the inclusion of the recording
instruments. A three-view drawing of the airplane is given in figure 1
and its over-all characteristics are included in table I.

INSTRUMERNTS

Standard NACA photographically recording instruments were used to
measure (1) the quantities defining the flight conditions which are air-
speed, altitude, slat position, and speed brake position; (2) the pilot—
imposed control motions; end (3) the response of the airplane in terms
of angular veloclties and linear accelerations. The recorders were syn-

chronized at %-—second intervals by means of a common timing circuit.

In order to relieve the pilot of any instrument switching procedure and
hence asslist in obtaining normal operations, a specially designed pressure
switch was incorporated to turn on asutomastically the instruments at

90 miles per hour, All recorders were mounted in the nose section with
the exception of the three-component accelerometer which was in a fuselage
access compartment above the wing.

A standard two-cell pressure recorder connected toc the airplane 1

service system was used to measure the gltitude and airspeed. The service
system employs a total-pressure tube located in the nose inlet and flush
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static-pressure orifices on either side of the lower fuselage forward
of the wing root. (See fig. 1.)

Microswitches were incorporated on the right wing slat and on the
speed brake cockpit control handle to indicate time of opening of these
surfaces. The control positions were measured by remote recording elec-
trical transmitters installed at the control surfaces.

The elevator, rudder, and stgbilizer transmitters were installed
inside the tail fairing to take measurements at the inner hinge. Aileron
deflections were obtained with a transmitter located at approximately
the aileron midspan.

Angular velocitlies were recorded shout three mutually perpendicular
axes in which the longitudinal reference axis is the one commonly used
for leveling the airplane. (See fig. l.) Linear accelerations along
these three axes were recorded by a three-component accelerometer located
in the fuselage 3.1 feet forward, 1.3 feet above, and 1.8 feet to the
left of the measured center of gravity with full fuel. (See table I.)

Table IT is a summary list of the gquantities measured, the instruments

‘used, the accuracy of the measurements, and the instrument natural fre-

quencies., The accuracy of the measurements was estimated with regard to
errors resulting from instrument charecteristics and reading limitations.
411 recording instruments were adjusted to about 0.65 of critical damping.
The natural frequencies of the elements in the three-component accel-
erometer were selected to give the best compromise value which would
minimize the magnitudes of extraneous vibratory accelerations and still
give correct response to the maneuver,

TESTS

The recorded measurements were obtalned in routine squadron oper-
ations. Other than to request that the sirplane be used in .as many types
of missions as were normally carried out by the squadron, no attempt was.
made to specify or influence the maneuvers. Since the pllots were aware
of the instrumentation 1t was stressed that this not restrict their normal
handling of the airplane as they would be unldentified with the test
results. Sufficient film was available during each flight to obtain
40 minutes of continuous records. Because of the automstic airspeed switch
this amount of time was generally sufficient to cover the entire flight.

During the course of the tests, elght flights were made of which

Tive were used. The flights were made without externsl. fuel tanks or
stores. A total of three pllots participated and in all cases were
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equipped with g-suits, . Table III is & summsry of the scope of the tests
and lists for each flight, the pilot, scheduled mission, airplane weight
and center-of-gravity position, configuration, and the number of meneuvers.
The listed values for the weight and center-of-gravity position were
estimated and apply at the time of actual teke-off and doc not include the
fuel used for starting, warm-up, and taxying. In evaluating the data

an interpolation was made to determine the weight and center- of-grav1ty
position existing at the time of each maneuver.

With regard to the number of maneuvers it is to be noted that during
a flight it was ususl to record long periods in which all quantities were
constant. These periocds would be interrupted by what has been designated
in table III as a maneuver but which in reality would be a series of
maneuvers in which one merged into another before a steady condition was
finally resgched. In some cases & maneuver would consume a period up to
80 seconds. :

METHOD AND RESULTS

The basic results obtained are presented in figures 2 to 53 as time
histories of the measured quantities. In these figures the eltitude is
the usual stgndard pressure altitude and the airspeed is given in terms
of indicated airspeed (the reading of a differential-pressure airspeed
indicator calibrated in accordance with the accepted standard adiabatic
formula to indicate true airspeed for standsrd sea-level conditions only).
No correction has been made to the recorded quantities for position error.
Reference 1 contains & discussion of errors in the F-86 airspeed system.

The control-position curves shown for the aileron, elevator, and
rudder were measured with respect to their stick-locked neutral positions.
Only the right aileron angle was measured. The stabilizer position was
measured with respect to the airplane reference line, Periods during
which the right wing slat and speed brskes were open are indicated in the
figures by the arrowed lines. The extent of each line does not imply
that the slat was fully extended for that period since the measuring device
simply Indicated when the slat was displaced from the retracted position.

In the figures, the linear accelerations are glven in g units and
the angular velocities are in radians per second. Linesr accelerations
acting upward, forward, and to the left are positive in this paper. Nose-
upward pitching anguler velocities are positive as are rolling and yawing
angular velocitles to the right. No corrections have been made to the
recorded linear accelerations to account for angular and centrifugsal
acceleration effects on the recorder which was not mounted at the center
of gravity. The corrections introduced by these effects are important
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only for the transverse acceleration where high rolling velocities or
accelerations occur.

Figure 54 shows the portion of the operational V-n diagram covered
by the present meneuvers. The values for alrspeed and load factor were
taken directly from the time histories.

From the time-history curves of figures 2 to 53 severgl plots of
quentities of interest in loads and stability work were obtained. The
variation of meximum pitching, rolling, and yewing acceleration with
indicated airspeed is given in figures 55, 56, and 57, respectively. The
acceleration values shown were obtalined from the slopes of the angular
velocity curves. As mentiorned previously, it was seldom that the pilot
made a single maneuver such as would occur in research flight testing.
Therefore, in general, several values for the maximum sngular accelerations-
existing in each definite airplane motlon were avallable from each time
history. In plotting these maximum values only the points above some
lower arbitrary limit were included as being significant. These limits
were 0.1 radian per second per second for pitch and ysw and 0.5 radian
per second per second for roll.

Data from the unaccelerated-flight portions of the records were
used to obtain the varistion of elevator trim position with airplane
normal-force coefficient shown in figure 58. These results apply to the
case with gear up and speed brakes retracted.

DISCUSSION

It is apparent from the maximum values of indicated speeds and alti-
tudes attained in this Investigation that the present sampling does not
include the extreme conditions that the F-86A is capable of. (See
fig. 54.) The figures do represent, however, a cross section of maneuvers
performed in training. Although the data are limlted to a few hours of
flight time, it is to be noted that the maneuvers made include a majority
of those used 1n the tactical use of this airplane including Immelman
wurns, barrel rolls, dives and pull-cuts, slow rolls, stalls, dive-bombing
runs, and gunnery passes. Since the pilots did not log the details of the
flights, the mansuvers were classified by the commonly accepted acrobatic
terms., In those cases where it was difficult to classify e maneuver or
series of maneuvers, the usual terms such as rolls, turns, and pull-ups
were incorporated. Most of the standard maneuvers are interpreted in
reference 2.

Examination of the time higtories 1ndicates that the higher normsl
accelerations occurred in Tmmelman turns and rapid pull-outs. The highest
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value obtained was about 6g and is shown in figures 37 and 52. The

time histories show that meximum transverse accelerations of the order

of 0.3 to 0.4k g were measured at the location of the accelerometer. How-
ever, from an analysis of the angular and centrifugsl acceleration correc-
tions, the maximum values of transverse acceleration applied &t the air-
plane center of grevity were less then 0.15g. The highest transverse
accelerations at the airplane center of gravity occurred in barrel rolls
snd were assocliated with appreciable yawing velocity.

Very little rudder movement was used in any of the unstalled maneu-
vers; the greatest rates and amounts of rudder motion were used in making
the half rolls during Immelman turns as for example in figure 40O. This
may be due to the fact that the rudder must be used not only to hold the
nose up, but also to overcome the adverse yaw. As contrasted with the
unstalled case the low-speed stalled meneuvers shown In figures 9 to 11
are characterized by almost full control movements and in particular dy
the fact that the rudder was given almost full throw each time. The
greatest rates and emounts of alleron movement were used in barrel rolls.
This maneuver was characterized by a pull-up to two or three g's followed
by a rapid ailleron throw the magnitude of which depended on the airspeed at
which the maneuyver was begun. In general, the aileron angle used decreased
with an increase in airspeed. Large rates of aileron movement were used
in making the eight-point roll as shown in figure 3.

The largest rates and smounts of elevator movement were used in
Immelmsn turns and rapid pull-outs. Higher negative rates of elewvator
movement were obtained than positive rates as for example in figures L1
and 51. 1In the present tests, it was found that the pilots always set
the stabilizer angle at less than 1° shortly after take-off and seldom
changed it at any time during the flight. In this connection, the pilots
never used the stabilizer for maneuvering.

In figure 55 it is interesting to note that the largest value of
pitching acceleration obtained in this investigation was -1.55 radians
per second per second which occurred at an indicated airspeed of 305 miles
per hour during & rapid recovery from the pull-up illustrated in fig-
ure L4l, This value is over twice that recorded for the highest positive
value but somewhat less than the value of 3.0 radians per second per '
second for an airplane of the same class, obtained from the envelope of
maximum pitching accelerations given in reference 3.

The scatter in the elevator trim points shown in figure 58 is the
result of varlables such as slat position and center-~of-gravity location
which could not be easily isolated. It is to be noted that the slat _
position was not actually measured and that the center-of-gravity vari-
ation was quite small., The Mach number effect, probably the major factor
in this case, could not be taken into account because of limited data.
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For the Mach number range covered, thg average value of dCN/dSe obtained

from the figure 1s 0,08 and is in good agreement with the value which
would be obtain€d from the wind-tunnel data glven in reference k4.

Langley Aeronautical Laborstory
National Advisory Committee for Aeronsutics
Langley Field, Va.
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DIMENSIONS AND CHARACTERISTICS OF F-86A ATRPLARE

Wing:

Total area (including flaps, slats, and 49.92 sq ft

fuselege), sq £+ .+ . « . .
Span, £t .« ¢ ¢« ¢ ¢ ¢ ¢ ¢ e 0 0 e e 0 e
Aspect ratio . v ¢ ¢ ¢ ¢ 0 4 e e e o e e
Taper ratio . . . .
Mean aerodynaemic chord (w1ng station 98 T1 measured

center line), in.: . o & ¢ ¢ o o« o ¢ o o .
Sweepback of 0.25 chord line, deg . e o » « . .
Incidence of root chord (wing station 0), deg . e

Incidence of tip chord (wing station 220.8), deg
Dihedral, deg « « . . . . . . « o
Root airfoil section (normal to o. 25 chord llne)

Tip airfoil section (normal to 0.25 chord line) . .

Alleron area (each), 8@ £ & ¢ « ¢« o o ¢ « o o o &
Aileron static control limits, deg , o « o . ¢ o « o

Distance from reference datum (nose) to leading edge of

gerodynamlc chord, In. .« « « &+ o ¢« ¢ ¢ o o ¢ o &

Horizontal tail: .
Total area (includlng 1.20 sq ft covered by fuselage), sq ft

Span, £ <. ¢ ¢ ¢ @ ¢ ¢ e ¢ e 4 8 e s e e s e s e
Aspect ratlo . ¢ ¢ ¢ ¢ ¢ 4 ¢ ¢ 6 4 s e e s e " oe
Taper retio . . . . ¢ e s e e v .
Mean serodynamic chord (horizontal—tail station
33.54 in.), in. c e e o s s e s s s u s e e
Sweepback of 0.25 chord line, deg « s e s e s
Dihedral, A€Z « « « « o + « o o » o s & « «
Airfoil section (parallel to center line) e e e e e
Tail length (0.25Sy to O. 258), 1he . 0 4 0 e e s
Elevator area (each), s £t 4 o« o o o « o « o + &
Elevator static control limits (from fuselage
line), dEE + « o o o o o o o 5 o o s 4 o« 4w ..
Stabilizer control limits (from neutral position),
deg . ¢+ v ot e e e e

reference
35 up, 17.5 down

37.12
4. 785
0.513

97.03
35.23
1.0

- . - 3.0
NACA 0012-6L4
(Modified)
'NACA 0011-64
(Modified)
18.6

mean

164,26

. 3k.99
. 12.75
. 4,65

0.Ls1

3h.71
34.59
10.0
NACA 0010-64
217.5
5.05

.1.25 leading edge up, 10 leading edge down

SNAGR

287.90

1,0

1k
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TABLE T
3
DIMENSIONS AND CHARACTERISTICS OF F-86A AIRPLANE.- Concluded
Vertical tail:
Total area (includes 0.93 sq ft blanketed by fuselage, excludes
3.96 sq ft dorsal Fin), s ft « ¢ + & o o 2 o o+ o+ & « o o ‘3344
Span (unblanketed), ££ ¢ o« « o « ¢ 2 o e ¢« o = o « s s s o « o 7.52
Height from ground, ft . . . . e ¢ e e e s s e e s e s o = o 1hTh
Sweepback of 0,25 chord line, deg € 4 & s+ 8 s 8 e 8o o & & & @ 35.0
Rudder area, sq £t « . + . . e s a s e s o s e s s e e a s 8.1
Rudder static control limits, deg Gt e e e o o s o 4 e o e o e E27.5
Fuselage: .
Total length, IM. & & & o« & o o o o « o « o « o = = o« « « « « 2,42
Maximum width, in. Gt 4 e e e e e e s e s s e s e s 60,0
Maximm depth i.'CI. . . . - . L) e« s . . L . . L] . 3 . -« o L] L] 60-75
Fineness ratio . . . . . . . e e s e e e 659
Speed brake area (effective frontal area, both sides),
sq. ft L ] . . L] L] - L L -« - Ll - - L] L] - Ll L] - L L] - L] - L - . L] 8.6
POWBI‘ Plant L] . . . . . L] - . - . . . ] L] . . ] . - . L] - - . G’E-J'-)'I'T
Measured airplane weight (full fuél), 1b .« . : e e s s s e 13,715
- Measured airplane center-of-gravity position (full fuel,

gear down), percent M.A.C. e e s s s e s e s et s e e s e . 22,84

Approximate moments of inertis gbout reference axes through center

of gravity of airplene (weight, 12,600 1b), slug £t2:

PitCH 4 4 4 o & o o o s 4 o o s s o s « a s o 4 = « o « & « 16,500
Yaw o« ¢ o ¢ @ 4 6 4 s s e e e o s e 6 s s e s s e s e s s 21,700
ROIL 4 4 v ¢ o o s o &+ ¢ s o o o « a s o s o o o « o « « « « 6,700

“NACA
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TABLE IT

NACA RM L51K30

ESTIMATED ACCURACY OF MEASURED QUANTITIES

Instrument
Quantity measured | Unit Instrument used | Accuracy natural
(unit) frequency
(cps)
Normal g 3-component *+0.05 16.5
acceleration accelerometer
Transverse g 3-component *,0L i3
acceleration accelerometer
Longitudinal g 3-component .01 16.5
acceleration accelercmeter
Pitching velocity radian | Angular-velocity +.02 25
sec recorder
Yawing velocity . | radian | Angular-velocity t,02 25
sec recorder
Rolling velocity radian | Angular-velocity .07 25
sec recorder
Elevator angle deg Control-position 5 14
recorder
Rudder angle deg Control-position 5 1k
recorder
Alleron angle deg Control-position .5 14
recorder
Stabilizer angle deg Control-position .2 1k
recorder
Indicated mph Alrspeed-altitude | ----- High
alrspeed recorder
Pressure altitude ft Airspeed-altitude | =~~==- High
recorder
Time sec Timer 01 ———

“NACA




TABLE III

HISTORY AND SUMMARY OF FLIGHTS

Teke -ofF Take -of'f
-0 c.g.
Flight | pyjot Mission Configuration | welght loca'%ion Number of | Flgure
. number (1v) maneuvers | mumbers
{percent
M.A.C.)
No external
1 A Acrobatic fuel tanks or | 13,500 22,9 11 2 to 12
astores
Gunnery
2 B camers passes [ ~~---- QO=mm—= 13,500 22.9 T 13 to 19
at tow target
3 B Acrobatic | —----—-- do~=mem= 13,150 23.0 19 20 to 38
L B | acmmm- A0=mmmm | =mmem R [+ TR 13,550 22.9 1k 39 to 52
5 C | === G0=mrmmm | mmm——— do==m=== 13,550 22.9 1 53

OENTST W VOVN




12 - NACA RM L51K30

’
AP — o~ A . . o
" 3 - — L
\ e L] reference /ine _
fa 7y
v/ A\

Service System sfafic orifices
Service systerm folal head

i

Figure 1l.- Three-view drawing of test airplane,



NACA RM L51K30 J— 13
78 L1111
1810 & 500 -
= ¥ Altrhicie =y, 4
) 400 [~
.g 6 é‘; \/ I~ //
I M ano <
) >
g 12 §2€U -] Airspeed =2~
8 L ] L
£ 0 2o P11
16
§ e
§ 3 s £ levator— — F
B¢ <k
5. Stabilirer=
~ 0 11t
§<¥§ o - - -
388 Stats open=y
2
Qw g
%
3 OB=f= = "i‘_"_’f{'ﬂ’_‘_‘\ L[]
k A-l .1 N
‘§-§, 4 Flerorn
Sw
$8§: °
<SIg,
%}
2% S T
Q E T L
§.4 § 3 8 ~j— Normaf
g.z Eg‘ 4 angitudinagls ~_1__:‘ — -
[T et ] — 1 [y —_ fod nll e oy |
o =
g0 §d ofdo ! =
E %% Tmnsver:sel_
- P y 1ot
288 RN
35 20 = 4E 1 ﬁ!
T o 5T E Pifching
< f
St L = ™A
__‘z, 0 ga 0 Yawing 1"
§ E & ﬁﬂg ),-)\;f_ Ve e = oA
§ 40 2% =2 i
<3 E
520 355+ NACA,
é'& 20 Q:, g & Bt LT ITATINTTOE Jarulepaedarniiennelyna i eanpditaaleig] Jalprn ITH ] [IIf]llllllll!lllll]_lllll"IIIIII l
7] /5 20 25 30 35 40
Time, seconds '
Figure 2.- Steep dive and pull-out followed by a climbing turn. Air-

plene weight, 13,050 pounds; center of gravity at 23.l-percent mean

aerodynamic choxd.



1k <N NACA RM L51K30

8 I [
& 20x/6° 500 E— 11
¥ /8 Em M~ L Airspeed __|
3 £ TR
§ /6 S 300 = 3
g an LT Altitude T
3 /4 §YE - RN . e
£, R L 1 ,
§m N -
§ e
I Y _
3] - .
5 8 e Elevator b mEm
-§u§‘ 0 T Stabilizer—]
L3 O
an\g’g Slat: :
WSS g4 vrars open
o i ] . T
T -
aw g L H
BN
1
@ e Rudder] o
g 0 E3- = I e e s o e ol o ~1— -+ ——5 MR TN VU RS DU N I N YOO T (R g N SO s
38 =" o Hferon AT
58 -y \_,7"——/ ! 1 v 7
§g: 8 '
2RI |
TQ‘S&/E
¢ ¢ _
{,6 G&LZ I
P 7
S 4 § 3 8 Norma/ -
> > ;
2 X F T T I A A7
Ez S¢ 4 T ] — Longttudinal T ~
RS _ s s o i = i -]
$0gl 0 T 11 IV AYAVLVAYAVAY B
S
E E*B I Transverse Y ;
$ZI87E 111 T:F
T T LB [
O — ! -
B/Y &7 TSNACA T
-~ o™ D't T ]
8 w0 ;% 2 —t Pitching = 1
3§:‘ 0 §:g 0 e \\ == ‘_‘ - = 0 'S ¥ U I ot
8 RS =g \ ~L .1 1™ | .94V Y ). Vil
Y onE 2 ‘ et _Yowing LT Y I
g o S%e - ol fin : ' W VIV T
= S8 -~ RN )
2520 $38% 1 Bl - 0 0 Y 00 0 0 O O
0 5 10 15 20 25 30 35 40

Time, seconds

Figure 3.- Roll entry into a dive and pull-out, eight-point roll followed
by barrel rolls.in a climb. Airplane weight, 12,950 pounds; center of
gravity at 23.1-percent mean serodynsmic chord.

it



5

NACA RM L51K30

55

50

75

70

60
Time, secands

] ! TS
| : N 3
[T h : ] i
| : [ i
_ iE =
| i1 3
m | i
: i _
_ I [h :
_ i [ I NENE
: \ \ly :
. 1l /] 3
: [ = 7
J E
> j | /
" { rar
_ _ , VA Al
I..”m m;l ..m . .w w_ A\J \ Az
e 8 T3 I Y ”
B <_| W o) L] \ /] E
s d )i : \ E
! H,W 13- { X .
lKI»A-Al | Ll —— -
/ ! " ! LK m,
/ s /l N \ HM —/. V..a‘
_ q . N N dillss :
| \L 1/ e :
TN T ! 1 m
/ ] N A/ h N :
[ 2] i IS ARERENIN :
[ \ 3 ! TS T ET S0
/ , " CTRHE e R
\ 1 1§ »W.. | mlll Q | E
HiI AN =T
N\ ) \ N E
{ Al \ E
! ] 1L 1 Kl
S8 3 g L ¥ @ * O vy © ¥ O % ® yy Q¥ O ¥ w N Oy ¥
0 R umop bid 3 1N b *SUODIYIIID L 4%
ydu paadsusp pafoapu| nﬂ 77 uMop um :ﬁ%\ wu& w&bﬁﬂﬂw&ﬂw\uﬁ .:“w: umap
“ bap ‘soybup bap 'sapbup & & o 295/pp.d ‘SIl|120{A
M © o ¥ P2 1GBYS U 401 5AH 7 P D UOIBIY o 6 4oz Sou BuMek pup mSEM o
NN s s = N ) ° M. &
At ‘prylyyp 4nsSRe] (Y81 449/
o5/ pis Ki130)91 buyfioy

40

Figure 3.~ Concluded.



g velocity, rad/ec

Rollin

16 s ] NACA RM L51K30

»
- s
& 202/0° €500 | ——— = g
\b‘ [
N - ] Altitude 4 4~
S 3400 =
S 6 J300 N -
§ 3 = Airspeed =T 1~ T
3 14 Jew S i [ T
£z Lw ==u = 1 L
T < ]
16
<
¢ af
§ e =
2 W | Llevatfor—=, AT
] - \ LA
-g 8 - —— N
8y + ] : .
Sg Stabifizer 1
E*&g 0 &7 =
o T - Vats oper=- k
2 | -
S8
*
& 4
3 Fudder = : N
S o R B
N — - 1 ;
> i . ¥
gg 4 : Atheron— b \ .
Su Y -
S H .
35§ O ;
‘E 0‘8& 12 ! r ! . .
2° Lo -
S S lormal =
348386, SN rhaas e =N
) Z \§ U; 4 1 Tl ] YN - -3
§°28 7 [Zongrrudinal 4 T T AL L E7 Y =
e~ 8% EIo-1-F +-1= T
$0§P O0FF T 17 -
SE_4E Transyerse={"
2887 1]
32 x4
s
05y "~ 2E " Priching | I i I g
L = T ; 1 Y
g o E Rolling7 . Yawing \)1; P B}
-£0 E’% - ‘-ZE ! | -
SSSe b NACA -~ 7
E-ZOE§'§E—4E....... sunhidodpelasdiosiitiabisselieslseestrsertsridieeebziredny T T AN av paluninutun
o 5 10 5 20 25 30 35 40
Time, seconds
Figure 4.- Loop including 360° roll on the top. Airplane weight,
12,900 pounds; center of gravity at 23.l-percent mean aerodynamic
chord. ¥



3L

NACA RM L51K30 A

17

-~
& 2040° £500
n -3
$ 2 Alfifude A= N
~§ /8 %400 + i Jl— < o
x -~
/ 5
; 6 }3300 Airspeed |, ] ™.
~3 - N
,3 4 3260 ~
€ 2 Lo 1 3
/6
C o3
S Sk
N
X N Elevg
9 ~ L
3 e =
§@ 4
§as Stabilizer
§§= 0o T =
358 B e
V7
Qg
,é 4 T Rudder | P
3 iy N ey Y L
o] — =
‘; o Atleron= F
S L
. S
§§§t 5
‘E B‘gl’ 2
6 ¢
% ;{2 2
S
;.4 § ; 8 Norma/= .
§z§§.4 =t _F_I__ I [~
g g §~§ 0 .| Longitudinal=P"| Tronsverse [
g -
E %% n .
284+ [
1.
v
7 87 o)
1N TR s s g NEREEAT :
g L,8 SSRRRED. =
o~ /&1‘ \11 ey ] -
g .§,§": 2 = ) i Rolling Yawing
%iogst E ]
£ [}
S on D 3.
%s Zo i g%"g 4E"I oanbonendrorbonep okt oaydppptferdidaranfonanton i dppa b idieluipalaatedn)iale ITETLITEI U T A THITR TN ATAITTE TR Iy AT IHIrlI|II.III'I|IIIlJ_LI_iI!rHIILI_!II[IIIIIIII
40 45 50 55 60 65 70

Time, saconds

Figure k.- Concluded.



18 T NACA RM L51K30

=
3G, [
t_‘ 190 § Soo ! — — —
37§40 _ : - A1 Alfitude
= Y 4
I 15 Saw AR
N 3 . . -t
3 13§20 S _
*§ = Airspeed—
S 1o =/00 - - ] : I
§/6
0:4‘ g‘u/e Elevator.
= BN Sl
3 i
:§ ~ 8 — == = 3
8y 45
8o Stabilizer+=
3 0 1 :
58 Slats open ]
2
Qw 8
:.-% ‘
K 4 =
% Fudde "\j
> i e ke i ol sl o ol il ek o, 4 1 £2 E 153 5 =TT Lo =
04 |
¥ o« Bh Nl
g i) Aileron
Q& &
I3 .
<g§3gL 2
68 12
L e ! !!
E &E I‘vll} J/
g’ 4 5 ; 8 A~ T ey gl X
*gzgg.‘#\/ e S
NS SO Sl Longitudinal
g0 &g 4 ’ Y [Tt 17
SE fransverss=
2384 HENEE
- - 4 I | I I~ 1T T T 1T T 1 I—
§87 <8 - - NACA ]
gt o, 2F "ng=p- .
g /o g% 2 N [ \
~ “\ ) g — al ' [ el 1]
£ 03 opE S S S
= - AL X
Y oot =2 Rolling 3=+ twing
1 ES
§-:‘,:_20 §§_§~":—
&& Q: g & priin wdpolutnadusdentosdnninelnndibinlndetnods i
0 S 10 15 20 25 30 35 40

Time, seconds

Figure 5.- Immelmen turn followed by diving half-rolls and pull-out.
Airplane welght, 12,850 pounds; center of gravity at 23.2-percent
mean aerodynamic chord,

LS

i
[



NACA RM L51K30

~5
& 19°E500
o -y
€17 teo - [~ -
2 E . Airspeed
S /5 83w . : = —t
® 3 : < Alfifudei=
313 Jew = \
3 g
'S I 2/00
/6
g
L aof
8 S8
% g - Elevator =4
g [~ ABi ]
<3 ” : b B
§g o Stabilizer=p
§§,§ S N M
ii_ru‘ 4 Slars open—
/ZE'
E
$% 8E
[
L < ‘?E
< E Z Fudder
Y o N L JehasE L
b=
g'% ? Arleran =
& o
S8 ¢
$e8s
< B'gﬁ /zE
6 ¢
5 g gen
< lorma! ]
§4 § g. 8 PR
g‘ 2 E g“ 4 Lw:gn‘u&'uur’
R T T T T o e e o
Jogdo —
E 8y Tronsverse
-2 Q- '
285+ 1T
&Y 7 :
S w08y Szf Priching=
= g% E o '§ r*—-j,_ }
> ” ~ i,
T o3y 0 i =
~
g —10 §-§‘ _.2 __!;‘!/ L o e -
® S5c Rollingi=! W -
520 3385+ bt e
%‘E °~ § & 7] Toanierrebornptonnndnegtbtan b i tul cagatiptaiinay IIrIIHII[lHII!II sirriatalpanedarrndspelanerfaranlonreireralyerel [IIIIII(IIIHI'IIIFIIPIJ I lIII[HII
40 45 56 55 60 65 8g

Time, seconds

Figure 5.- Concluded.



NACA RM L51X30

20

Ay

! < a
LR
e
N 5P
_ ! S
y M :
i L
ki 1 Ay ko
: N [ AL ) N
A 1] ! !
g ! /
o : [ I\ A
M- . il .~. Q
W N { ~
f —
_ : m i ] /] \
S HE SN ANRR
— 0~ ¢ =, : " T
- h ) m WJ ]
/ L Lw g RETHNEN
N S BIER
SIS 3 8] 4 I
. M | ;W | N i~ \ :/mur!m
V[ [T 2 3 g L ER O hlie
:@l.l.. 4 r\ _ S A ] m W u
/ r/ .mlrl ™ v = \\ < N M )
= L N ‘u -~
—sHP S _ ; S
N | 4 ml K 112 C »
& { f . E
X T E
) _ 10
T \
_ \
| ] A
L " " " 1M =i
8 8 § Ly ® v 0ty Y O v O yny ® % QO ¥ T N D g ¥
] m w AV S:M\o.ﬂ 1ybra 139 gquunb “StoiI0I3)PI90 §7 8 49
ydu paads.1p pajoopu| n umop an UMOD 53 By pud 5434504 dn umap
N e e UL o g
) 17/ 4 !
L T T PGS PO 40{ DA ] 3PP pUb US|y Spn b * 12330 33000 S 0\ mE Q cw
T P Sms = T N
‘apriyD Hunss. s oyl
v ™ mww\\ac ‘Rp120151 buyffoy

Time, seconds

Airplane weight,

5 center of gravity at 23.2-percent mean aerodynamic

12,800 pounds

Figure 6.- Pull-up into & climb with barrel rolls.
chord.



NACA RM L51K30 < 21

yl
N
a
[

13 [j2w ' e X Altifude <
i L0 i ] N

Pressure alfifude, ft
O

Elevator and stobilizer
-
/|
Loy
I
]
g

i

Alleron and rudder
angles, deg

down
left

o A o Ry
[T

-

Q

3

J

(]
o

s, g un

aceel, g ulils

4

o N A O
Transverse and for

accelerafy

A
3
g N
3
|

Mymafes
Y

™~
Q
ec

Pilching and yawing

velocities,

down
/e/"f
.

radsgec
righ!
B

up
right

Fiiching
I 1

o N 2

=i

I
- 1 ] y
Mt = ] }‘ﬁ‘wimr - Rolfin

Wﬂmmmmm‘
{
{
]
]
y
|
i
ki
|

(SR~

XN
)

ing velecity,

Falll
o

NACA, ]
wiledyonbinelidoelnadiplneloobiodwnlidsealnedsrgl usdysl e el el vy g e bl i d sl ol benlie Gelaetyseyng,
] 10 %) 20
' Time, seconds

[w

Figure 7. Turn entry into a steep dive and pull-out followed by a
quarter-roll entry into an Immelman turn. Airplane weight,
12,450 pounds; center of gravity at 23.3-percent mean serodynamic
chord. ’



. » . DN - - ' _
O "
& [ 7738
i ! ] /
1 ] / M -.h
3 | A E
= VAR
T { [ ?r E
i 3
: M ] ST
T ! RN
, 8 T
[]. §
T N A _4
H ,w._ m m.H A8 1 m_,w
AL d. _ a3 m.l Al |1
Ao TR LRV HeH A %
Wu NM.. ,m’ ..Mll.m L 1__\ = ._ma 1 3 m
- ML | 8-11 ~ E
= L] SN STS ! w j % 1y R 8
AR WTOT]% il s ! _ i )
: | il N
/ _, j 0 y m
{1 0y
- " i : )
] H
: et | ]
: g f :
g ~ 30
/ \ m Ho “ ky
_ 20 | =
i S0 _
\ | s |
‘ _ﬂ N
1 E
\ i | E
- HENE Ay BIE
-._ %F—r._.:. ,._._._._.E._._.._._._.—h._.— ._.E.I/E:-E.F:. el I 30
S 8 § L ¥ ™ T o vy © ¥ O RTINS S S N N
m M ® N X wmp 77 b1 1431 suunb ‘suoypszario bl 413
ydur ‘paadsisp paypIpU] dn umop dn UMOP 99 DLty pup 9543ASUDS| an umap
™" bap “sapbup bapsabun LT & o 295/pot .mmt.c&m\_
W =~ ® = ASZIIGEYS PUD AOLDAS T LIPPNL PUD UOISJIY sun 6 3000 97 h m EMESA .%%0&5\0.\ o
~ = = ~ T W
% M G\:&Q\Q 4NSS24f .2\%.\ 9 ne

Jo8pos Kirdopon bujjpoy

Figure T7.- Concluded.



NACA RM IL51K30 “SNE

& /sx/a‘qésao LT TT / [TTTT1T T
N b —— ~ — ~
In jwo NN Altitudeat
~ i ~
S5 Saw >
27 3FCTTTRC = PRy
'E 5 2/00 :r.s L1
<16
§ 85,
3 ':,‘ — £ Jenztor—
2 8 - g 1-
& e
gE 4 - i T
55 Stabilizer ——
1§3 s O _m
858 s openTt
2
QW 8
3
L L4
Rudder- v
E = L 1T
& N4
3 4
S o v
B8 Asleromt!
R S I []
IS L l | T
<
0f 8,7 l T
$4555 pan
N NS ] y Or mai -
’g‘ 2 § § 4 — Langttudinal =s =tk ! -
$0 T opr=FA-pdo e =
g < Transi
- S g f :
2E8 Tt
8% 20 “ 4 | ] ] | | | [ r[' l I I
:gg’ ™ g‘: fclwn_g-
2 £0§% 2 v
2 ] 5 s e i e g I iy
E 0 E E a ! 7] e pa
E S Yawir — -
g 0 g-l.g .'2 Ralﬁllb' T T T T
St20 .§§_§‘~:-4 : g
EQ Q: § & pexelpey ) oty netuoloeluudedenipsdgsd syl padirnlidss. srdecdpeiennt eyl e gdierd o dsele e ndus
o ] 10 5 20 25 30
Time, seconds

Figure 8.- Immelman turm. Airplane weight, 12,350 pounds; center of
gravity at 23.L-percent mean aerodynamic chord.




ol L NACA RM L51K30

B A
& 230 5560 - Atitude'-
S 2 Yeofd
- 1)
B b
3 /8 83w
§ 3 Airspeed
] ] —
317 jew = .
& 5 Ry EL 11
§/6 g
L 0\8 1 |- ™
U D
8 Lu'le i Elevator M
3 ~i 8 1
3 B =mmn=a
E@ % E
%‘u-; Stabilizer Y
FE R === -
LJ;!JQ S 4 i S/ars opens
12 ET
1
83 6
o
<, > |
3 | - udlder: -
3 o e i L 72 0 s 0 A O
T A
E@‘ 4B Atteron—
N f
§§§t 6
<IVL 2B
6 8 /2 - e
TN L
S485 & B
> o !
3 z§<§" 4 | Nor:m'/-\ . - ] b1
§° 38 mEE
Jogg o
kY Longitudina =] Transverse
2884 L AN
S8 IR T
83 20 ~ 4E ‘ ]
87 st RS
S Sy “=z2 _
= EAY PHching A —F Rolling e
TR Y 2l ay e T LT Lo L
% gm. }aivmgl—- =
E, -LO gg -2
g U8 SRR
S50 F38% .
S I3 pulintiuubigdysinglng LITIEIATINEEATT ATV NI IIIII'll TR TR AT T iy I I
g & ] I5] 20 25 30 35 40
Time, seconds

Figure 9.- Stall. Airplane weight, 12,100 pounds; center of gravity at
23.5-percent mean aerodynamic chord.

.:i'.‘.:..



4L NACA RM L51K30 <SR _ 25

¥
o
:. o 230 £500 L
. T [ [ Aliude
Ela é«%
s 3 ]
S/ Saw ,
U .
Sir SJawiH] Argpeed N |
&is Lo : '
A
§/6 ] ¥ - lf RL
¢ of 2 I =y = Eleva
S N -
= H ~J
Q ~i
\E 8
g 4 =
5 71— Stabilizer
3¢5 0
CP.I 58 4 S/ai‘s .OL 77— ;
2 ! JL
ax 8+
by 4 [ VAN Aileron
3 2 / [ e T — 1]
2 0 Fudder
>
g% 4 i
- S o T
Q "
fds. e
. <SSy el Ll
"] 1
2% 3o” i
S4§S5 8 .
& E > i/ Normal
g 23 g A4E=S == = -
3R _~d Longitudinal -
Sogd o =
'@& - Transverse
258+ 1
NS Il
i Itchin.
83 20 i
N ‘an
Y -§§ 2 i
2,5 AN NS SN
-g [} EE 4] oy 7 3(_7’ i =
E 3§ ‘{’; -:2 Lo v iFrolfi 7q .
° 40 E’_% N ! Yowing _
S S 11 4 _
§§£0 E?EE_AM AT Illlm [ TTLIdRTINTS I A T TN ANIREITA LA ariegdy I JTRT TSI AT STATI AT R LA TAN NN T LRI R B EIT A AR RN A LL RIATTaA T
40 45 50 55 60 65 70

Time, seconds

Figure 9.- Concluded.



NACA RM LS1K30

26

20

40

25

/5

10

[Tl N T 7 7
| / " | \
. -
™ H
] | q N
[ i) T
k | 2 / AT —1 | 3
=T B ) P A 1= A E
< -
- / t A BN M»
( T3 (N , AN SNY AR
SHNEE. A HHERH S HEN
o DG 5 w = [ m-l :
3 - £
T3 e S SHEEH Hh :
3. aw‘ﬁ : W- 97 m.....__. mlT-l b - & 3
=1 gl 45 / 3
ST N i IS s |l §1Us NS
.14 il \
< i
] [
; _/ _ :
1 E
| E
] E
! i E
! | :
| 1
1 I
1 ! E
i
1
_ \
luolunlud
S M 8 8 S ¥ v © ¥ O v+ © ¥ O v o gy @ % 9 % . N jf.$%
15 M N X uMop 37 Jybis > iunb “suoypiaiacap  jybL 49
4 Y 142 9, %
ydu pasdsiip pagpapuf n umop dn UMOD 90 Duaf pup IS43ASUDS| an L ump
"S Bep “soybu bap sybup & + N O o umm\.ma mm.mmu.w\w\_
u,m N g © © SOZI1QBYS PUD AOIDAN T appn.t pue Lo13)ty Sgun B 12290 93400 S kam O\Euo.cwﬂ.m
44 ‘@pryiyo sunssayy \ﬁ.t/. N 9
. 2ag/pod *Af1o0134 bulpoy

Time, seconds

Airplane weight, 12,000 pounds; center of gravity at

23.5-percent mesn aerodynamic chord.

Figure 10.- Stall.



NACA RM L51K30 . <4 o7

<
t:aﬁda’&gmn
-~ \b\'
S22  te0 =
3 @ T AHitude__
320 V¥sw \ ]
E \6 ‘l I B B
318 ‘E‘Z[D Afrip[eed
o =
i z =l
EE 16 EIOO T~
N )% o
18 EX [~ | L
g 3 ¥
:'\S quz = [ Elevator=
o
g*‘{ * Stabilizer
S5 o T
Eﬁg’% 4 ' 1 Slats open=
2 ;
3% 8 ;
2 T
[N
% * Aikeron 1] \,
I . 11 1T Jam
3 = MY S T L T 7
o> [ = e mg Rudder—
38 4 HeY
sy ! i
§§,:-& 8 T
TS/
< SwY 2 |‘ [
6 8 T
2° $u” ‘
§4 S S a8 b
& I Laongitudirial=
§e§§.4 g e o s W = =
88 = = Normal-—
gogfo
-2 %E_‘; Transyverse—]
Y B |
&7 &7
Q‘ - -
L) S§ 2 - — Pitching
2 o §§ o il ANSERN A -
§ R e ey MM NINDA ~ENT
}J S .- Fo f‘fn_y*—' Y 71 v
s 08 2 : N7
2T Yawirng ==
S&20 -§§_§'¢:-4 . NACA, ]
é& Ly LJ8 Em ogbreielyeptenyehipndsepdesplnedeyl bbbl iy I m g wrdrinfi ny vl ogelovederuDioagdeeul s ey sfugeelienad
0 S 10 5 20 25 37 35 40

Time, seconds

Figure 11.- Stall. Airplane weight, 11,900 pounds; center of'gravity at
23.6-percent mean aerodynamic chord.



28 S NACA RM 151K30
s I
& /6;/0’5‘5(” ~y Al. 1
IS = irspee. ——
§ /6 400 - ] =
= < =
S 300
N 4 ga L Alfitude T
e
?,} 1z jewH ] =
& Lo
§/6
E %:E T ARN
8 = ' T
3 ~ —
5 Stabllizer—-
=== -
RIJ /lals open2]
Wes 4 A
V/a
Q- 3
%
9 T4 [
Fudder -
> AN 7
E‘% 4 —— E Aileron™ 1]
a L~
£
$38: °
<QovY ©2
A
2" e i
S 4 8§ S g lormal 1| ~
5 <
§ 2 §§ 4 —— ngfﬂldlnalts_‘ W = Ny 7 At P I s =
W —
RN - — 1 [ F+J—1 T
g0 %‘g 0 ol v e g
~
v
- jx .
§3£34
-
3 >, tehing ) -
R 40 §% ‘ o fams=avs ~M e
3 . J[EEEH 9 O 0 7 WNZS
3 E . E Rolling N N T = R b
Y 03f 2 PR
S S35, .F NACA "
SEWEE§3—4EH vl nim andvenbidwiselondeseelnatie PTITIN AT twelisnf Joulinb '_‘
o 10 15 20 25 30 35 40
Time, seconds

Figure 12.- Diving turn and pull-up Into & climb with barrel rolls.
Airplane weight, 11, 850 pounds; center of grav1ty at 23.6-percent

mean aerodynsmic chord.



NACA RM L51K30 | < 29

« 1808 5008 !
u
N ] 30— ~Altitude
§ 16 %400 = '{i —
S+ Sow
S ———
v 3 cAirspeed
g2 yaw ] 1
‘E 10 E/GO l
T
L ] eng
3 SSe - L
5 4 =
5 8 -
§§' 4
g g o = Stobilizer
3 ——Slat: -
':El g5 . Slats opern=
/4 .
|
Q-
SE 8E e Aiferon. |
=2 ~ T
L4 AN ;
§ 'O
Y oHE s
3y Fudder :
58 ¢
< [
55§ 2 '
< S8 2 :
6 ©
£ 3 :
g
§,4 § ; BE Normal. :
’g‘ 2 §§ 4E g S S
S o BS Longituding] =
go0gf o :
g& = —Transverse
2 88 _4E L
- T
S w 4F
‘5‘%-20 g AE
] o k
t 08y = ZEF‘ = Priching
'.é; 0 gﬁ\s a - 3 ' | [ 1
g %3t N e
> S Roltingy” T Yawing3
s “0RE  ZE - - :
£ £3¢ NACA,
T \l& 3 E -
é:ﬁ 20 E §_§“§‘4E" plnedsiabierlenluslsitesdy gbgedeubfsdiedepd pelend wel syl senlptasplieed el vl gselyes el senCenelied i Bl s
40 45 50 55 60 &5 . 70 75 80
Time, seconds

Figure 12.- Concluded.
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Figure 13.- Diving turn and pull-out followed by climbing turns. Airplane
welght, 13,100 pounds; center of grav1ty at 23. l—percent mean aero-
dynamilc chord.
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Figure 13.- Concluded.
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Figure 14.- Climbing turns. Airplane weight, 13,000 pounds; center of
gravity at 23.1-percent mean serodynamic chord.
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Figure 19.- Turn entry into g dive and pull-up into a climbing turn.
Airplane welght, 12,000 pounds; center of gravity at 23.5-percent
mean aerodynamic chord.
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Figure 19.- Concluded.
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Figure 23.- Concluded.
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gravity et 23.1-percent mean aerodynamic chord.
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Figure 25.- Diving turns followed by a chandelle. Airplane weight,
12,850 pounds; center of gravity at 23.l-percent mean serodynamic
chord.
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Figure 26.- Immelman turn. Alrplane weight, 12,800 pounds; center of

gravity at 23.2-percent mean aerodynamic chord.
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Figure 27.- Diving turn and pull-out, quarter-roll entry into a loop ...
and repeat. Airplapne weight, 12,750 pounds; center of gravity at
23.2-percent mean serodynamic chord.
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Figure 28.- Dive, pull-out, and barrel roll. Aifplane weight,
12,700 pounds; center of gravity 23.2-percent mean aerodynamic chord.
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Figure 29.- Roll entry into a dive, pull-out, and barrel rolls. Alrplane
welght, 12,650 pounds; center of gravity at 23.2-percent mean aero-
dynamic chord - .
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at 23.2-percent mean aerodynamic chord.



56 — NACA RM L51K30

& [ 111
E S0
S IHifude B
i3 §400p= L ‘
g g 1 T
I § 300 £+
v 3 e Airspeed
dg 7 ;8/00
% - !L_/.LT.;.
E Efevator-
y SSe L i
£y = =
35 ~
o
< 4
éﬁ Stabiltzer 17
&g 0 -+
a8 X Stats operit
2 E
E
Q~ 8
%
s N4 Rudder =
3
hs} A _| ] 1 ¥l N
2o R
154 \ /1
® o A
s@ p=
S5 oH At
3§83, 1 11
‘5 T
28 So” Horar
S48S5 s -
Q: E o> A
T2y 4 R R A i = ~
& %é Tt =4 Langttudinal [~pet™ e
80250 : w —
g
2 8 49- Transverse
E - [
83 5 4 Piching
‘6%’23 §§4 ¥ ”,57"\\
3 0 § g 2 5 aN
S ES 1 Al e N
S 4} E E 0 r ~ N 7 Mt
§ S )’.nvfus = N ’247
- & 2
v 08 Rollingll SRAGA 1
Sa SSEn- || . -
}ES‘ZO E §§~§ 4 1|||||1| vl oedyhdoadanelpegl pelugsbeoloadial e nnlmllunlnn FTSIISTT ITA NI ERTT: FIRTIRTITIRIRT: SYATI ITT1 2YRT AIYRLATONY IV INI ROYT FOARIKOTTTRRINEITINI ATYN (XYY
5] 10 15 ee 25 30 35 40
Time, secords

Figure 31.- Immelman turn. Airplane weight, 12,600 pounds; center of
gravity at 23.2-percent mean aerodynamic chord.
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Figure 32.- Slow rolls followed by a dive and pull-up into an Immelman

turn.

23.3-percent mean aerodynamic chord.

Airplane weight, 12,500 pounds; center of gravity at
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Figure 32.~ Concluded.
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Figure 33.- Diving turn, pull-up, and barrel roll.

Alrplene weight,
12,500 pounds; center of gravity at 23.3-percent mean aerodynamic
chord.
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Figure 34%.- Barrel rolls. Airplane weight, 12,300 pounds; center of

gravity at 23.4-percent mean aerodynamic chord.
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Figure 35.- Barrel rolls. Ailrplane weight, 12,150 pounds; center of
gravity at 23.5-percent mean aerodynamic chord.
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Figure 36.- Roll entry into a dive and pull-up into an ITmmelman turn.
Airplane weight, 12,100 pounds; center of gravity at 23.5-percent
mean aerodynamic chord.
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Figure 37.- Quarter-rolls in a dive, pull-up, and barrel roll. Airplane
weight, 12,100 pounds; center of gravity at 23.5-percent mean aero-
dynamlc chord.
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Figure 38.- Low-speed turns, barrel rolls in a dive, and pull-up into an
Imnelman turn. Airplane weight, 12,050 pounds; center of gravity at
23.5-percent mean aerodynamic chord.
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Figure 38.- Concluded.
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Figure 39.- Barrel rolls. Alrplane weight, 13,400 pounds; center of

gravity at 22.9-percent mean aerodynasmic chord.
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Figure 40.- Dive and pull-up into an Immelmen turn. Airplane weight,
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Figure 41.- Roll entry into a dive, pull-out, and barrel roll. Airplane

weight, 13,200 pounds; center of gravity at 23.0-percent mean aero-
dynemic chorg.
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Figure L41.- Concluded.
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Figure 42.- Diving turns, pull-out, and barrel rolls. Airplane weight,
13,150 pounds; center of gravity at 23.0-percent mean aerocdynamic
chord.
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Figure 42.- Concluded.
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Figure L43.- Barrel roll in a dive and pull-out followed by a barrel roll.

Airplane weight, 13,100 pou.nd.s, center of gravity at 23.l-percent
mean aerodynamic chord.
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Figure hl.- Turn entry into a split S followed by climbing turns.
Alrplane weight, 13,050 pounds; center of gravity et 23.l-percent
mean aerodynamic chord.
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Figure L45.- Diving turn and pull-up into an Immelman turn followed by
Airplane weight, 12,900 pounds; center of

turns and quarter-rolls. _
gravity at 23.1-percent mpan aerodynamic chord.
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Figure 45.- Concluded.
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Figure 46.- Barrel rolls. Airplane welght, 12,850 pounds; center of
gravity at 23.2-percent mean serodynamic chord.
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Figure 47.- Diving turn and pull-up into an Immelman turn.

Airplane

welght, 12,650 pounds; center of gravity at 23.2-percent mean aero-
dynamic chord.
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Figure 47.- Concluded.
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Figure 48.- Chandelle. Airplane weight, 12,600 pounds; center of
gravity at 23.3-percent mean aerodynamic chord.
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Figure 49.- Gentle turns. Airplane weight, 12,350 pounds; center of
gravity at 23.L4-percent mean serodynamic chord.
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Figure 50.- Roll entry Into a dive, pull-out, and barrel roll followed
by quarter-rolls. Airplane weight, 12,150 pounds; center of gravity
at 23.5-percent mean gerodynamic chord.
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12,050 pounds; center of gravity at 23.5-percent mean aerodynamic

chord.
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Figure 52.- Dive and pull-out followed by a barrel roll. Airplane weight,
11,900 pounds; center of gravity at 23.6-percent mean aerodynamic
chord.
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